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500 Columbia Street NW, Ste 110, Olympia, WA 98501  T 360.791.3178 landauinc.com 

TECHNICAL MEMORANDUM 

TO: Tom Giese, PE, BHC Consultants, LLC 

FROM: Amy Power, PE, and Steven R. Wright, PE 

DATE: June 6, 2023 

RE: Summary of Geotechnical Engineering Services 
City of Monroe Wastewater Treatment Plant Biosolids Facility 
Investment Grade Audit Design 
Monroe, Washington 
Project No. 1073043.010.011 

INTRODUCTION 
This memorandum summarizes the results of geotechnical engineering services provided by Landau 
Associates, Inc. (Landau) in support of the City of Monroe Wastewater Treatment Plant Biosolids Facility 
Investment Grade Audit Design project in Monroe, Washington (site; Figure 1). Services were provided 
in accordance with the scope outlined in the Subconsultant Agreement between Landau and BHC 
Consultants, LLC (BHC, project civil/structural engineer), executed April 13, 2023. 

This memorandum has been prepared with information provided by BHC and the City of Monroe (City, 
project owner). 

PROJECT UNDERSTANDING 
The City proposes to demolish an existing biosolids facility and replace it with a new facility. The height 
of the new facility will measure approximately 25 to 30 feet (ft) and it will be supported by a concrete 
slab-on-grade. Existing pipes and manholes will be excavated and their layout reconfigured to 
accommodate the new facility. The excavations are expected to extend less than 10 ft below ground 
surface (bgs). 

In March 2010, Shannon & Wilson, Inc. advanced geotechnical explorations in support of the headworks 
facility, located approximately 50 ft southeast of the proposed biosolids facility. The headworks facility is 
constructed of concrete masonry units, which will also be used for the new biosolids facility. When 
preparing this memorandum, Landau reviewed the site subsurface data and geotechnical design 
recommendations in Shannon & Wilson’s 2010 report. This report also included site subsurface data 
from Shannon & Wilson’s 1992 and 2000 geotechnical reports that were prepared for other projects at 
the site. 
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SURFACE CONDITIONS 
The site is located approximately 1,100 ft northwest of the Skykomish River and currently is developed 
with a wastewater treatment plant and associated infrastructure, asphalt-paved parking, and building-
access areas. The site is relatively flat, with an approximately 15-ft-high retaining wall to the south.  

GEOLOGIC CONDITIONS 
Geologic information for the site and the surrounding area was obtained from the Geologic Map of the 
Monroe 7.5-minute Quadrangle, King and Snohomish Counties, Washington (Dragovich et al. 2011). 
Surficial soil at the site is mapped as alluvium (Qa) and Deltaic outwash and kame deltas (Qgod). 
Alluvium typically consists of gravel, sand, silt, and organic sediments, and Deltaic outwash and kame 
deltas (Qgod) typically consist of cobble, gravel, and sand deposits.  

SUBSURFACE CONDITIONS 
In March 2010, Shannon & Wilson completed a geotechnical field investigation to support expansion of 
the wastewater treatment plant, including construction of a headworks facility south of the Sams Street 
site entrance. The investigation included advancement of three hollow-stem auger borings (RW-1, RW-
2, and RW-3). The approximate locations of the explorations are shown on Figure 2.  

Landau reviewed summary logs of borings Shannon & Wilson advanced in March 2010; July 2000 (B-101, 
B-102, and B-103); and July 1992 (B-1, B-2, and B-3). Copies of the logs are included in Attachment 1. 
Based on Landau’s review, fill and alluvium may be encountered during construction.  

Alluvium was encountered in borings RW-1 and RW-2 (advanced approximately 80 ft south of the 
proposed biosolids facility). From ground surface to approximately 15.8 ft bgs and 19.5 ft bgs, 
respectively, the alluvium was in a loose to medium dense condition and consisted of sand with variable 
silt and gravel content. From 15.8 ft bgs (RW-1) and 19.5 ft bgs (RW-2) to the maximum depths explored 
(approximately 35 to 41.5 ft bgs), the alluvium was in a dense to very dense condition and consisted of 
gravel with variable sand and silt content. 

Borings RW-1 and RW-2 were advanced before construction of the cast-in-place concrete cantilever 
retaining wall south of the site.  Landau estimates that approximately 10 to 15 ft of fill currently overlies 
the alluvium encountered in these borings. 

Approximately 10 ft of fill was observed over the alluvial deposits in boring RW-3 (advanced 
approximately 50 ft southeast of the proposed biosolids facility). The fill was in a medium dense to 
dense condition and consisted of gravel with variable sand and silt content or of sand with variable silt 
and gravel content. The alluvium beneath the fill consisted of very loose to loose sand from 
approximately 10 ft bgs to 23.5 ft bgs, and medium dense to very dense sandy gravel or gravelly sand 
from 23.5 ft bgs to the maximum depth explored (approximately 40.6 ft bgs). 

Groundwater was observed at approximately 10 ft bgs in borings RW-1 and RW-2 at approximately 23.5 
ft bgs in boring RW-3, and approximately 23 ft bgs in borings B-2 and B-3. (Shannon & Wilson 2010). Site 
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groundwater conditions may vary depending on local subsurface conditions, weather conditions, and 
other factors. High groundwater levels or perched groundwater zones are most likely to occur in late 
winter and early spring. 

CONCLUSIONS AND RECOMMENDATIONS 
Based on Landau’s review of available geotechnical information, subsurface conditions at the site are 
suitable for the proposed improvements, provided the following recommendations are incorporated 
into the project design.  

Critical Areas Assessment 

The site is relatively flat with a low risk of slope instability. Based on the critical area designations in 
Chapter 22.80 of the Monroe Municipal Code, the site is not considered an erosion or landslide hazard 
area.  

Seismic Design Considerations 

Based on the subsurface conditions encountered in Shannon & Wilson’s March 2010 explorations, 
seismically induced soil liquefaction could occur at the site. Landau estimates that up to 3 inches of total 
and differential settlement could occur following a design-level earthquake. The magnitude and extent 
of liquefaction-induced settlement will depend on the duration and intensity of ground shaking and on 
local soil and groundwater conditions. The vertical distribution of soil liquefaction and the magnitude of 
associated settlement could differ from those estimated. 

Per 2018 International Building Code standards (ICC 2017), a site that could experience soil liquefaction 
should receive a Site Class F classification. If the fundamental period of the structure is less than or equal 
to 0.5 seconds, a Site Class D classification may be used to complete seismic design. The structural 
engineer should select the appropriate seismic site class based on the fundamental period of the 
proposed structure. If the fundamental period is greater than 0.5 seconds, a site response analysis 
would be required. (Note that Landau’s authorized scope of services does not include a site response 
analysis.) 

Given the distance between the site and the nearest known active crustal fault, the risk of ground 
rupture due to surface faulting is low. Given the distance between the site and the nearest known free 
face (the bank of the Skykomish River, located approximately 1,100 ft southeast of the site), the risk of 
lateral spreading is low. 

Foundation Support 

The parameters in Table 1 can be used to design shallow foundations. The parameters should be used in 
conjunction with the complete recommendations in this memorandum. 

Table 1. Summary of Design Parameters for Shallow Foundations 

Allowable soil bearing pressure = 3,000 psf(a) 
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Allowable coefficient of sliding resistance = 0.35 

Allowable passive earth pressure = 260 pcf 

Minimum foundation width = 16 inches (continuous), 24 inches (isolated) 

Maximum foundation width (for settlement considerations) = 10 ft (continuous), 15 ft (isolated) 

(a) Allowable soil bearing pressure for footings established on at least 12 inches of imported structural fill supported by 
medium dense fill or alluvium or established on structural fill that extends to such soils. 
ft = feet 
pcf = pounds per cubic foot 
psf = pounds per square foot 

When calculating the allowable soil bearing pressure, Landau assumed that shallow foundations would 
be established on at least 12 inches of imported structural fill supported by medium dense fill or 
alluvium or on structural fill that extends to such soils. Unsuitable soils should be overexcavated and 
replaced with properly compacted structural fill, as described in the Earthwork and Construction 
Considerations section herein. The geotechnical engineer should evaluate foundation subgrades prior to 
placement of formwork, rebar, or structural fill. 

The allowable soil bearing pressure in Table 1 applies to dead and live loads, exclusive of the weight of 
the footing and any overlying backfill. The bearing pressure includes a factor of safety of at least 2.0 on 
the calculated ultimate bearing capacity. The bearing pressure can be increased by one-third for 
transient loads, such as those induced by wind and seismic forces. 

For frost protection, Landau recommends embedding perimeter footings at least 12 inches below the 
lowest adjacent grade, where the ground is flat. Interior footings should be embedded at least 6 inches 
below the nearest adjacent grade. Landau estimates that footings or slabs-on-grade will settle less than 
1 inch if constructed as recommended herein. Similarly loaded foundation elements will likely 
experience ½ inch or less of differential settlement over 25-ft spans. Settlement is expected to occur as 
loads are applied during construction.  

An allowable coefficient of sliding resistance of 0.35, applied to vertical dead loads only, can be used to 
compute frictional resistance acting on the base of footings. This coefficient includes a factor of safety of 
1.5 on the calculated ultimate value. 

The passive resistance of properly compacted structural fill placed against the sides of foundations can 
be considered equivalent to a fluid with a density of 260 pounds per cubic foot. The foundation passive 
earth pressure has been reduced by a factor of 1.5 to limit deflections to less than 2 percent of the 
embedded depth. The passive earth pressure and friction components can be combined, provided the 
passive component does not exceed two-thirds of the total. The top 1 ft of soil should be excluded from 
the calculation unless the foundation perimeter will be covered by a slab-on-grade or pavement. 

Slabs-On-Grade 

Slabs-on-grade should be installed on at least 6 inches of structural fill placed on a uniformly firm, 
unyielding subgrade. A modulus of vertical subgrade reaction (subgrade modulus) can be used to design 
slabs-on-grade. The subgrade modulus will vary based on the dimensions of the slab and the magnitude 
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of applied loads on the slab surface; slabs with larger dimensions and loads are influenced by soils to a 
greater depth. Landau recommends using a subgrade modulus of 160 pounds per cubic inch to design 
on-grade floor slabs. This subgrade modulus is for a 1-ft-by-1-ft square plate and is not the overall 
modulus of a larger area.  

Interior slabs-on-grade should include a vapor barrier and a capillary break layer, designed and installed 
in accordance with industry standards. 

EARTHWORK AND CONSTRUCTION CONSIDERATIONS 
The following key points should be considered when developing project plans and specifications: 

• Site preparation: Site preparation activities are expected to include demolition and removal of 
existing structures and asphalt pavement. Topsoil and construction debris should be stripped 
from all areas designated for development (i.e., footings and slabs-on-grade). Topsoil is not 
suitable for reuse as structural fill but can be stockpiled and used in landscaped areas. 

• Subgrade preparation: Before structural fill, formwork, or pavement base course is placed, the 
subgrade should be scarified, moisture-conditioned, and compacted to a firm, unyielding 
condition. The prepared subgrade should be proof-rolled in the presence of a qualified 
geotechnical engineer, who is familiar with the site and can check for loose/disturbed areas. 
Areas of limited access can be evaluated with a steel T-probe. If probing or proof-rolling reveals 
loose and/or disturbed subgrades, additional moisture conditioning and compaction should be 
completed to produce a firm, unyielding condition. Alternatively, unsuitable soils can be 
overexcavated and replaced with properly compacted structural fill. 

• Footing overexcavations: Landau does not anticipate the need for appreciable foundation 
footing overexcavations. Landau recommends that the construction budget includes a small 
contingency for local overexcavation of unsuitable fill.  

If overexcavations are required, the overexcavation zone should extend beyond the side of each 
footing a horizontal distance that is equal to at least one-half of the overexcavation depth. For 
example, a 2-ft-wide footing with a 2-ft-deep overexcavation should have a 4-ft-wide 
overexcavation zone. All footing overexcavations should be backfilled with structural fill and 
compacted to at least 95 percent of the maximum dry density. The base of the overexcavation 
should be evaluated by a qualified civil or geotechnical engineer prior to placement of structural 
fill. 

• Utility trench excavation and backfill: Landau anticipates that utility trenches will be excavated 
in loose to medium dense, sand with variable silt and gravel content. A heavy-duty excavator 
should be able to reach the required trench depths (up to 10 ft bgs). A smooth-bladed bucket 
should be used to remove loose and/or disturbed soil from the trench bottom. The final trench 
bottom should be firm and free of roots, topsoil, lumps of silt and clay, construction debris, and 
organic and inorganic debris. 

• Reuse of site soil: Site soils are generally moisture sensitive and should not be reused as 
structural fill. 

• Structural fill: Structural fill may include Gravel Borrow that conforms to the requirements in 
Section 9-03.14(1) of the Washington State Department of Transportation’s 2023 Standard 
Specifications for Road, Bridge, and Municipal Development (hereafter, 2023 WSDOT Standard 
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Specifications). During periods of wet weather, the fines content should not exceed 5 percent, 
based on the minus ¾-inch fraction. Structural fill should be used as backfill within the limits of 
the structural excavation. 

• Fill placement and compaction: Structural fill should be placed on an approved subgrade that 
consists of uniformly firm, unyielding, inorganic native soils or of compacted structural fill that 
extends to such soils. Structural fill should be placed and compacted in accordance with the 
requirements in Section 2-03.3(14)C, Method C of the 2023 WSDOT Standard Specifications. 
Method A is appropriate for non-structural areas, such as landscaping. Each layer of structural 
fill should be compacted to at least 95 percent of the maximum dry density, determined in 
accordance with the compaction control tests in Section 2-03.3(14)D of the 2023 WSDOT 
Standard Specifications.  

• Temporary excavations: Temporary excavations should be completed in accordance with the 
requirements in Section 2-09 of the 2023 WSDOT Standard Specifications. The contractor should 
be responsible for determining actual excavation configurations and maintaining safe working 
conditions, including temporary excavation stability. Temporary excavations in excess of 4 ft 
should be shored or sloped in accordance with the requirements in Safety Standards for 
Construction Work, Part N (Washington State Department of Labor and Industries, Chapter 296-
155 of the Washington Administrative Code). All applicable local, state, and federal safety codes 
should be followed. Type C soils with a maximum allowable excavation inclination of 1.5 
horizontal to 1 vertical are likely to be exposed in the excavation sidewalls.  

• Temporary Construction dewatering: During Shannon & Wilson’s March 2010 field 
investigation, groundwater was observed at approximately 23.5 ft bgs in boring RW-3, and 
approximately 10 ft bgs in borings RW-1 and RW-2 (note that borings RW-1 and RW-2 were 
advanced prior to construction of the existing cantilever wall). Temporary excavations should be 
dewatered to allow construction to be completed in the dry. Where shallow groundwater 
seepage is encountered, the use of conventional sumps and pumps should be sufficient to 
dewater excavations. The contractor should be responsible for the design, monitoring, and 
maintenance of any dewatering systems. 

CONSTRUCTION MONITORING 
Monitoring, testing, and consultation should be provided during construction to confirm that site 
conditions are consistent with those observed in Landau’s explorations and to provide expedient 
recommendations should conditions differ from those anticipated. Monitoring will also allow Landau to 
evaluate construction activities for compliance with the project plans and specifications and the 
recommendations herein. Activities may include evaluation of fill material; compaction testing of 
structural fill; and preparation of slab, pavement, and structural foundation subgrades. Landau would be 
pleased to provide construction monitoring services. 

USE OF THIS TECHNICAL MEMORANDUM 
Landau Associates has prepared this technical memorandum for the exclusive use of BHC Consultants, 
LLC; the City of Monroe; and their designated representatives for specific application to the City of 
Monroe Wastewater Treatment Plant Biosolids Facility Investment Grade Audit Design project in 
Monroe, Washington. No other party is entitled to rely on the information, conclusions, and 
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LNI. 2020. Construction Work. Chapter 296-155 WAC; Part N. Excavation, Trenching, and Shoring. 
Washington State Department of Labor and Industries. 

Shannon & Wilson, Inc. 2010. Geotechnical Report: Monroe Wastewater Treatment Plan, Phase III 
Improvements, Monroe, Washington. June 4. 

WSDOT. 2022. M41-10: Standard Specifications for Road, Bridge, and Municipal Construction. 2023 
Edition. Washington State Department of Transportation.  
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NOTES

1. The stratification lines represent the approximate boundaries between soil
types, and the transition may be gradual.

2. The discussion in the text of this report is necessary for a proper
understanding of the nature of the subsurface materials.

3. Groundwater level, if indicated above, is for the date specified and may vary.
4. Refer to KEY for explanation of "Symbols" and definitions.
5. USCS designation is based on visual-manual classification and selected

laboratory index testing.
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Very stiff, gray to brown, clayey SILT; moist;
occasional organics (wood fibers) and slightly
organic odor; (Fill) ML-CL.
- white, highly plastic, silty clay from 2.5 to 3 feet
Medium dense, brown, silty, fine SAND; moist;
SM.
Very loose to loose, brown to gray, clayey, fine
sandy SILT; moist;  iron-oxide stains, occasional
organics (wood fibers); ML.
- wood from log from 11.5 to 13.5 feet

Loose to medium dense, gray, slightly silty, fine
to medium SAND; moist to wet; occasional to
scattered organics (wood fibers); SP-SM.

Very dense, gray, silty, sandy GRAVEL; wet;
GM.

- wood debris from 30 to 30.4 feet

Very dense, brown, slightly silty, slightly gravelly
to gravelly, medium SAND; wet; SP-SM.
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1. The stratification lines represent the approximate boundaries between soil
types, and the transition may be gradual.

2. The discussion in the text of this report is necessary for a proper
understanding of the nature of the subsurface materials.

3. Groundwater level, if indicated above, is for the date specified and may vary.
4. Refer to KEY for explanation of "Symbols" and definitions.
5. USCS designation is based on visual-manual classification and selected

laboratory index testing.
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Dense, brown to gray, silty, gravelly, fine to
medium SAND; moist; SM.

Medium dense, brown , silty, fine to medium
SAND; moist; 1-inch lens of gravel at 4 feet;
SM.
Soft, brown, slightly clayey, sandy SILT, trace of
gravel; moist to wet; ML.
Medium dense, brown to gray, slightly silty, fine
to medium SAND, trace of gravel; moist to wet;
occasional iron-oxide stains; SP-SM.
Very dense, gray, silty, sandy GRAVEL; wet;
GM.

Dense, gray, slightly gravelly, slightly silty,
medium to coarse SAND; moist to wet; SP-SM.
Dense to very dense, brown and gray, silty,
slightly sandy to sandy GRAVEL; wet; scattered
iron-oxide stains; GW.

Very dense, brown, slightly silty, slightly gravelly,
medium SAND; moist; SP-SM.
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1. The stratification lines represent the approximate boundaries between soil
types, and the transition may be gradual.

2. The discussion in the text of this report is necessary for a proper
understanding of the nature of the subsurface materials.

3. Groundwater level, if indicated above, is for the date specified and may vary.
4. Refer to KEY for explanation of "Symbols" and definitions.
5. USCS designation is based on visual-manual classification and selected

laboratory index testing.
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